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[Naine of Document] Specification 

[Title of the Invention] LIQUID CRYSTAL. PANEL SUBSTRATE, 
LIQUID CRYSTAL PANEL, AND ELECTRONIC DEVICE AND PROJECTION 
DISPLAY DEVICE 

[Claims] 

[Claim 1] A liquid crystal panel substrate coniprising 
a matrix of reflecting electrodes being formed on a 
semiconductor substrate and a transistor being formed in 
response to each reflecting electrode, a voltage being 
applied to said reflecting electrodes through said- 
respective transistors, wherein a passivation film is formed 
on said reflecting electrodes. 

[Claim 2] A liquid crystal panel substrate according 
to claim 1, wherein said passivation film is a silicon oxide 
film having a thiclaiess of 500 to 2,000 angstroms. 

[Claim 3] A liquid crystal panel substrate according 
to either claim 1 or claim 2, v^ereln the thickness of said 
passivation film is set to an adequate range in response to 
.J?:?. the wavelengths of incident light. 

[Claim 4] A liquid crystal* panel substrate according 
to either claim 2 or claim 3, wherein the thickness of said 
silicon oacide film as said passivation film is 900 to 1,200 
angstroms when blue light is reflected. 

[Claim 5] A liquid crystal panel substrate according 
to either claim 2 or claim 3, wherein the thickness of said 
silicon oxide film as said passivation film is 1,200 to 
1,600 angstroms when green light is reflected. 
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[Claim €] A liquid crystal panel . substrate according 
to either claim 2 or claim 3, wherein the thickness of said 
silicon oxide film as said passivation film is 1^300 to 
1,900 angstroms when red light is reflected. 

(Claim 7] A liqiuid crystal panel substrate according 
to any one of claims 4 to 6, wherein an alignment film 
having a thickness of 300 to 1,400 angstroms is formed on 
said silicon oxide film- 

[Claira 8] A liquid cirystal panel substrate according 
to any one of claims 1 to 7, wherein a pixel region in which 
a matrix of pixels comprising said reflecting electrodes and 
said respective transistor connected to said reflecting 
electrodes is formed on said semiconductor substrate, and a 
peripheral circuit for supplying signals to a data line and 
a gate line connected to the transistor in said pixel region 
is formed outside of this; 

wherein a passivation film comprising a silicon oxide 
film is formed above said pixel region, and 
r^f-' a passivation film comprising a silicon nitride film is 

formed above said peripheral circuit, 

{Claim 9] A liquid crystal panel substrate according 
to any one of claims 2 to 8, wherein a silicon nitride film 
is formed as an insulating interlayer between said . 
reflection electrode and a metal layer thereunder.. 

. [Claim 10] A liquid crystal panel substrate according 
to any one of claims 2 to 9, wherein a laminated protective 
structure comprising a silicon nitride film formed on said 
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passivation film con^rising said silicon oxide film is 
provided at the edge of a laminate of an insulating 
underlayer formed on the peripheral region of said pixel 
region and a metal layer optically shielding said peripheral, 
region. 

[Claim 11] A liquid crystal panel comprising a liquid 
crystal panel substrate described in any one of claims 1 to 
10, a transparent substrate at the incident side having a 
counter electrode opposed at a given distance, and a liquid 
crystal encapsulated into the gap between said liquid 
crystal panel substrate and said transparent substrate, 

[Claim 12] An electronic device provided vrich a liquid 
crystal pemel described in claim 11 as a display section- 
[Claim 13] A projection display device comprising a 
light source, a reflective liquid crystal panel described in 
claim .11 for modulating the light from said light source, 
and a projection lens for projecting the light modulated hy 
said reflective liquid crystal panel. 

[Claim 14] A projection display device conprising a 
color separation means for separating the light from said 
light source into three primaries, a first reflective liquid 
crystal panel described in claim 11 for modulating the xed 
light separated by said color separation means, a second 
reflective liquid crystal panel described in claim 11 for 
modulating the green light separated by said color 
separation means, a third reflective liquid crystal panel 
described in claim 11 for modulating the blue light 
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separated by said color separation means, the thickness of 
the silicon oxide film forming a passivation film of said 
first reflective liquid crystal panel being in a range of 
1,300 to 1,900 angstroms, the thickness of the silicon oxide 
film forming a passivation film of said second reflective 
liquid crystal panel being in a range of 1,200 to 1,600 
angstroms, and the thickness of the silicon oxide film 
forming a passivation film of said third reflective liquid 
crystal panel being in a range of 900 to 1,200 angstroms. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention! 

The present invention relates to liquid crystal panels 
and reflective liquid crystal panels, and in particular, a 
technology suitable for active matrix liquid crystal panels 
'for switching pixel electrodes with metal oxide 
semiconductor field effect transistors {hereinafter referred 
to as MOSPETs) formed on a semiconductor sxabstrate. 

[0002] 

[Description of the Related Art] 

Liquid crystal panels having a structure in v^ch a 
thin film transistor (TPT) array using amorphous silicon is 
formed on a glass substrate have been conventionally used as 
reflective active matrix liquid crystal panels which are 
used in light valves of projection display devices ♦ 

[0003] 

[Problems to be Solved by the Invention] 
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In the active matrix liquid carystal panel using the 
TFT, the mobility in the TPT is low and the size of the 
device is large. Hence, in a projection display apparatus, 
such as a video projector, provided with the active matrix 
liquid crystal panel as light valves, an increase in the 
size of the apparatus is inevitable. In trsmsmissive liquid 
crystal panels, since the TFT region^ which is provided in 
each pixel, iis not a transparent region, it has a serious 
defect that the aperture ratio decreases as the resolution 
of the panel is ixniproved to XOA. or S-VQA. 

[0004] 

As a liquid crystal panel having a smaller size than 
the transmissive active matrix liquid crystal panel, a 
reflective active matrix liquid crystal panel in which pixel 
electrodes, as reflecting electrodes, are switched with a 
MOFSET array formed on a semiconductor substrate has b^en 
proposed. 

[0005] 

.;.:;>:.. In such a reflective liquid crystal panel/ the 

formation of a passivation film as a protective film on the 
substrate is often omitted since it is not always necessary. 
The formation of a passivation film, however, evidently 
improves reliability of the panel. The present inventor lias 
studied the formation of a passivation film on a reflective 
liquid crystal panel substrate- In general, a silicon 
nitride film formed by a reduced pressure CVD process is 
often used as a passivation film in senjiconductor devices. 
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The passivation film formed by a current CVD process 
inevitably has some variation of the thickness of 
approximately 10%. Accordingly/ the reflective liquid 
crystal panel has disadvantages, e.g. the reflectance 
noticeably varies or the refractive inde:c o£ ,the liquid 
crystal varies with variation of the thickness of the 
passivation film. 
[0006] 

It is an object of the present invention to provide a 
reflective liquid crystal panel sxibstrate and a liquid 
crystal panel having a passivation film which does not cause 
a significant variation of the reflectance and a variation 
of the refractive index of the liquid crystal , and having 
high reliability* 

[0007] 

It is another object of the present invention to 
provide a reflective licjuid crystal panel having high 
reliability and excellent image quality and an electronic 
device -using the same. 

[0008] 

[Means for Solving the Problem] 

The present invention for achieving the above object is 
characterized in that a silicon oxide film having a 
thickness of 500 to 2,000 angstroms is used as a passivation 
film of a reflective liquid crystal panel substrate. 
Although the silicon oxide film functions as a protective 
film slightly inferior to the silicon nitride film, it less 
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affects the reflectance of the pixel electrode due to 
variation o£ the film thickness compared to the silicon 
nitride film and a silicon oxide film having a thickness of 
500 to 2,000 angstroms has a particularly slight dependency 
of the reflectance on the wavelength. The use of the 
silicon oxide film as a passivation film therefore can 
reduce variation of the reflectance. 
[0009] 

Further, the thickness of the passivation film is set . 
to an adequate range in response to the wavelengths of 
incident light. In detail, the thickness of the silicon • 
oxide film as the passivation film is 900 to 1,200 angstroms 
for a pixel electrode, reflecting blue light/ 1,200 to 1,600 
angstroms for a pixel electrode reflecting green light, and 
1,300 to 1,900 angstroms for a pixel electrode reflecting 
red light. When the thickness of the silicon oxide film as 
the passivation film is set to the above range, variation of 
the reflectance for each color can be suppressed to 1% or 
less, reliability of the licjuid crystal panel is in^roved 
and the image quality is iirproved in a projection display 
device using the reflecting liquid crystal panel as a light 
valve . 

[0010] 

It is preferred that the thickness of the silicon oxide 
film as the passivation film be determined in consideration 
of the thicloiess of an alignment film formed thereon- In 
this case, the alignment film has a thic)cness of preferably 
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300 to 1,400 angstroms-, and more preferably 800 to 1,400 
angstroms. Variation of the refractive index of the liquid 
crystal can be effectively suppressed by setting the 
thiclmess of the alignment film to the above-mentioned 
range . 

[0011] 

In a reflective liquid crystal panel having a pixel 
region in which a matrix of pixel electrodes are disposed 
and peripheral circuits, such as a shift resistor and a 
control circuit, formed on the same substrate, a passivation 
film composed of a silicon oxide film may be formed above 
the pixel region and a passivation film composed of a 
silicon nitride film may lie formed above the peripheral 
circuits. Since the thickness of the passivation film above 
the peripheral circuit does not affect the reflectance, the 
use of the silicon nitride -film ensures protection of the 
peripheral circuits and inproves reliability. 

[0012} 

A silicon nitride film may be provided as an insulating 
interlayer between the reflecting electrode and the metal 
layer theretmder, instead of the formation of the 
passivation film on the reflecting electrode or by using 
together with the passivation film coii5)osed of the silicon 
oxide film. The wet resistance is thereby improved and the 
MOSFET for pixel switching and the holding capacitor can be 
prevented from corroding due to water or the like. 
I0013J 
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A monolithic protective structure in which a silicon 
nitride film formed on a passivation film of silicon oxide 
is provided over the edge and the side wall of the laminate 
of the transistor for switching the pixel, and the 
insulating interlayer and metal layer which form a wire 
region supplying a given voltage and signal to the 
transistor- The waterproof property is thereby iinproved at 
the edge of the liquid crystal panel in which water readily 
penetrates, and the durability is also iinproved since it 
^•'•i**'^ acts as a reinforcing material - 

[0014] 

[Description of the Embodiments] 

Preferred embodiments in accordance with the present 
invention will now be described with reference to the 
drawings ; 

[0015] 

Figures 1 and 3 show a first embodiment of a reflecting 
electrode substrate of a reflective liquid crystal panel in 
accordance with the present invention. Figures 1 and 3 are 
a cross-sectional view and a planar layout view, 
respectively, of one pixel section among a matrix of pixels. 
Figure 1(a) is a cross-sectional view taken along section 
line I-I of Figure 3. Figure 1(b) is a cross -sectional view 
taken along section line II-II of Figure 3 . 

[0016] 

In Figxire 1, identification numeral 1 represents a P- 
type semiconductor sxibstrate such as single-crystal silicon 
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(or N-type semiconductor substrate (N— ) ) , identification • 
numeral 2 represents a P-type well region formed on the 
. . surface o£ the semiconductor substrate 1, and identification 
numeral 3. represents a field oxide film for separating 
elements (so called LOCOS) formed on the surface of the 
semiconductor substrate 1. The well region 2 is formed as a 
common well region of a pixel region in which a matrix of 
pixels of, for example^ 768 by 1,024 is provided, and is not 
limited to this, and, as shown in Figure 5, is sepeirately 
formed from a well region in which peripheral circuits, such 
as a data line driving circuit 21/ a gate line driving 
circuit 22, an input circuit 23 and a timing control circuit 
24 are formed. The field oxide film 3 is formed into a 
thicloiess of 5,000 to 7,000 angstroms by selective thermal 
oxidation. 

[0017] 

Two openings per pixel are formed in the field 
oxidation film 3 • In the center of one opening a gate 
^ix-i electrode 4a composed of polysilicon or metal silicide is 

formed with a gate oxide film (insulating film) 4b formed 
therebetween/ source and drain regions 5a and 5b conposed of 
N-type iiipurity doping layers (hereinafter referred to as 
doping layers) having high impurity contents are formed on 
. the substrate surface at both sides of the gate electrode 
4a, and a MOSFET is thereby formed. The gate electrode 4a 
extends to the scanning direction (pixel line direction) to 
form a gate line 4. 
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[0018] 

On the substrate surface In the other opening formed in 
the field oxide -film 2, a P-type doping region 8 is formed. 
On the surface of the P-type doping region B, an electrode 
9a composed of polysilicon or metal silicide is formed with 
an insulating film 9b formed therebetween- An insulating 
film capacitor is formed between the electrode 9a and the P- 
type doping region 8 . The electrode 9a and the polysilicon 
or metal silicide layer as the gate electrode 4a of the 
MOSFBT. can be formed by the same process, and the insulating 
film 9b under the electrode 9a and the insulating film as 
the gate insulating film 4a can be formed by the same 
process, 

[00191 

The insulating films 4b and 9b are formed on the 
semiconductor substrate surface in the openings by thennaJL 
oxidation into a thickness of 400 to 800 angstroms « The 
electrodes 4a and 9a have a structure in which a poly-* 
silicon layer having a thickness of 1,000 to 2,000 angstroms 
is formed and a silicide layer of a high boiling point metal 
such as Mo or W having a thickness of 1,000 to 3,000 
angstroms is formed thereon. The souirce and drain regions 
5a and 5b are formed by means of self-alignment by 
implanting an N-type impurity on the sxibstrate surface at 
both sides of the gate electrode 4a as a mask by ion 
plating. 

[0020] 
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The above-mentioned P-type doping region 8 may be 
formed by, for example, a doping treatment including 
exclusive ion plating and heat treatment, and may be formed 
by ion plating before the formation of the gate electrode. 
That is, after the insulating film 9b is formed, an impurity 
of the 3ame polarity as the well is iic^lanted such that the 
well surface has a higher ixt^urity concentration and thus a 
lower resistance than those in the well. The concentration 
of impurities in the well region 2 is preferably lXlO"/can3 

or less, and more preferably Ixl0i6/cm3 to BXlOi^/cm^- The 
preferred concentration of the surface inpurities in the 
source and drain regions 5a and Sb is ixlO^o/cm^ to 

3XlO20/cm3. Also, the concentration of the P-type doping 

region 8 is preferably IXlOia/cm? to 5Xl0i5/cm3, and more 

preferably lxlO"/cm3 to lX10i5/cm3 in view of reliability and 

voltage resistance of the insulating film forming the 
holding capacitance. 
[0021] 

A first insulating layer 6 is formed over the 
electrodes 4a and 9a and the field oxide film 3, a data line 
7 (refer to Figure 3) which is composed of a metal layer 
substantially consisting of aliaminum is formed on the 
insulating film 6, and a source electrode 7a and an 
auxiliary bonding wire 10 are provided so as to protarude 
from th data line. The source electrode 7a is electrically 
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connected to the source region 5a through .a contact hole 6a 
formed in the insulating film 6, and one end o.f the * 
auxiliary botonding wire 10 is electrically connected to the 
drain region 5b through a contact hole 6b formed in the 
insulating film 6. 
[0022] 

The insulating film 6 is formed by, for example/, 
depositing an HTO £ilm (a silicon oxide film formed by a 
high tentperature CVD process) haviisig a thickness of 
approximately 1,000 angstroms and depositing a BPS6 film (a 
silicate glass film containing boron and phosphorus) having 
a thickness of approximately 8,000 to 10,000 angstroms. The 
metal layer which forms the sowce electrode 7a and the 
auxiliary bonding wire 10 has, for exan^le, a four-layer 
structure of Ti/TiN/Al/TiN from the bottom. The thicknesses 
of the lower Ti layer, TiN layer, Al layer and upper Ti 
layer are 100 to 600 angstroms, approximately 1,000 
angstroms, 4,000 to 10,000 auigstroms and 300 to 600 
angs troms , respectively • 

[00231 

An second insulating interlayer 11 is formed over the 
source electrode 7a, the auxiliary bonding wire 10 and the 
insulating interlayer 6, and a light shielding film 
comprising a second, metal layer 12 essentially consisting of 
aluminum is formed on the second insulating interlayer 11. 
The second metal layer 12 as the light shielding film is 
formed as a metal layer for forming bonding wires between 
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devices in the peripheral circuits, such as a driving 
circuit, which are formed on the periphery of the pixel 
region, as described later. No additional step is therefore 
required for forming only the light shielding film (12), and 
the process can be simplified. The light shielding film 
(12) is formed so as to cover the entire pixel region and 
has an opening 12a on the auxiliary bonding wire 10 for 
piercing a pillar connecting plug IS which electrically 
connects a pixel electrode with a MOSFET, described later. 
That is, in the plan view shown in Figure 3, a rectangular 
frame 12a represents the above-mentioned opening and the • 
entire outside of the opening 12a is covered with the light 
shielding film (12). The incident light from the upper side 
in Figure 1 is almost completely shielded and m leakage 
current flow due to light transmission in the channel region 
and the well region of the MOSPBT for pixel switching can be 
prevented* 
[0024] 

The second insulating layer 11 is formed by, for 
exan^le, depositing a silicon oacide film (herein after 
referred to as a TEOS film) by a plasma CVD process using 
TEOS (tetraethylorthosilicate) into a thicloiess of 
approximately 3,000 to 6,000 angstroms, depositing a SOG 
film (a spin-on-glass film) , etching it by an etch-back 
process, and depositing a second TEOS film thereon into a 
thickness of approximately 2,000 to 5,000 angstroms. The 
second metal layer 12 as the light shielding film may have 
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the same structure as the first metal layer (7) , and may 
have, for exainple/ a four layer structure of Ti/TiN/Al/TiN 
from the bottom. The thicknesses o£ the lower Ti layer^ TlN 
layer, Al layer and upper Ti layer are 100 to 600 . angstroms / 
approximately 1^000 angstroms, 4,000 to 10,000 angstroms and 
300 to 600 angstroms, respectively. 
[0025] . . 

In this embodiment, a third insulating layer 13 is 
formed on the light shielding layer (12), and a rectangular 
pixel electrode 14 as a reflective electrode almost 
.corresponding to one pixel is formed on the third Insulating 
electrode 13 as shown in Figure 3 . A contact hole 16 is 
provided in response , to the opening 12a provided in the 
light shielding film (12) so as to pierce the third 
insulating interlayer 13 and the second insulating 
interlayer 11, and the contact hole 16 is filled with a . 
pillar connecting plug 15 composed of a high melting point 
metal, such as tungsten, which electrically connects the 
auxiliary bonding wire 10 and the pixel electrode 14. A 
passivation film 17 is formed on the entire pixel electrode 
14- . . 

[0026] 

The pixel electrode 14 is formed by depositing tungsten 
by a CVD process, smoothing tungsten and the third 
insulating interlayer 13 a chemical machining polishing 
(CfrlP) process, by depositing an aluminum into a thickness of 
300 to 5,000 angstroms by, for example, a low temperature 
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sputtering process and by patterning it into a square having 
a side of approximately 15 to 20 pLOi, although the process is 
not for lamination. The connecting plug 15 may be formed by 
smoothing the third insulating interlayer by a CMP process, 
providing the contact hole and depositing tungsten therein. 
The passivation film 17 is conposed of a silicon oxide film 
having a thickness of 500 to 2,000 angstroms in the pixel 
region and a silicon nitride film having a thickness of 
2,000 to 10,000 angstroms in the peripheral circuits and the 
seal and scribe sections- 
[0027] 

The use of a silicon oxide film as the passivation film 
17 covering the pixel region can prevent a significant 
change in a reflectance due to the variation of the film 
thickness and the wavelength of the light. Further, the 
passivation film 17 covering a region outside the peripheral 
circuit, and particularly the region, in which the liquid 
crystal is encapsulated (outside the seal section) , may be a 
silicon nitride film or a double-layer protective film 
consisting of a silicon oxide film and a silicon nitride 
film thereon in order to further in^rove reliability, in 
which the silicon nitride film as a protective film is 
superior to the silicon oxide film. An alignment film is 

« 

formed on the entire passivation film 17 and subjected to 
nibbing treatment, when forming a liquid crystal paael^ 
[0028] 

The thickness of the passivation film 17 can be 
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determined within an adeqfuate range in response to the 
• wavelength of the incident light. That is, the thickness of 
the silicon oxide as the passivation film is in a range of 
900 to 1/200 angstronus for a pixel electrode reflecting blue 
light, 1,200 to 1,600 angstroms for a pixel electrode 
reflecting green light, or 1,300 to 1,900 cingstroins for a 
pixel electrode reflecting red light. A thickness of the 
silicon oxide film as the passivation film set to within the 
range can suppress the variation of the reflectance in the 
reflective electrode coxnposed of aluiciin\4m to 1% or less. 
The ground is illustrated below. 
[0029] 

Figures 10 and 11 show the results of dependency of the 
reflectance of the aluminxam electrode on the thickness of 
the silicon oxide film at different wavelengths* In Figure 

10. symbol O represents reflectance at a thickness of 500 

atngstroms, syitibol □ represents reflectance at a thickness 
of 1,000 angstroms, syzhbol A represents reflectance at a 
thickness of 1,500 angstroms, axid symbol X represents 

reflectance at a thickness of 2,000 angstroms. In Figure 

11, symbol O represents reflectance at a thickness of 1,000 

angstroms, symbol □ represents reflectance at a thickness 
of 2,000 angstroms, synibol A represents reflectance at a 
thickness of 4,000 angstroms, and symbol X represents 
reflectance at a thickness of 8,000 angstroms « 
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[0030] 

As evidently shown in Figure 11, at a thickness of 
4,000 angstroms the reflectance decreases approximately 3% 
from 0.89 to 0.86 as the wavelength changes from 450 nm to 
550 nm and the reflectance decreases approximately 8% from 
0,85 to 0,77 as the wavelength changes from 700 nm to 800 
nm. At a thickness of 8,000 angstroms the reflectance 
decreases approximately 3% from 0.89 to 0,86 as the 
wavelength changes from 500 nm to 600 nm and the reflectance 
decreases approximately 6% from 0.86 to 0.80 as the 
wavelength changes from 650 nm to 750 nm. In contrast, no 
significant changes are observed at a thickness of 500 
angstroms, 1,000 angstroms, 1,500 angstroms or 2,000 
angstroms. These results illustrate that the effective 
thickness of the silicon oxide film is in a range of 500 to 
2 , 000. angstroms . . - 

[0031] 

Figures 10 and 11 also demonstrate that the reflectance 
slightly changes in a specified thickness range of the 
silicon oxide film. When reflective li(5uid crystal panels 
are used for a projection display apparatus, three panels 
are used in response to three primaries, red, blue and 
green. The present inventor further studied an optimum 
thickness range of the silicon oxide film for each color. 
The results are shown in Figures 12 to 14, Figure 12 is a 
graph illustrating reflectances at various thicknesses of 
the silicon oxide film in a wavelength range of 420 to 520 
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nm for blue light and its neighbor. Figure 13 is a graph 
illustrating reflectances at vaaripus thicknesses of the 
silicon oxide film in a wavelength range of 500 to 600 nm 
for green light and its neighbor, and Figure 14 is a graph 
illustrating reflectances at various thicknesses of the 
silicon oxide film in a wavelength range of 560 to 660 nm 
for red light and its neighbor. 
100321 

Figure 12 demonstrated that at a thickness of 800 
angstroms the reflectance decreases hy approximately 1,1% 
from 0.896 to 0.882 as the wavelength changes from 440 nm to 
500 nm- At a thickness of 1,300 angstroms, the reflectance 
changes by approximately 0.6% from 0,887 to 0.893 as the 
wavelength changes from 420 nm to 470 nm and the reflectance 
is noticeably lower than those at other thicknesses within a 
wavelength of 420 to 450 nm« In contrast, no significant 
changes in reflectance are observed and a satisfactorily 
high reflectance is achieved at a thickness of 900 
angstroms, 1,000 angstroms, 1,100 angstroms or 1,200 
aiMfstroxns. 

[0033] 

As shown in Figure '13, at a thickness of 1,100 
angstroms the reflectsmce decreases by approximately 1.6% 
from 0.882 to 0,866 as the wavelength changes from 550 nm tb 
600 nm. At a thickness of 1,700 euigstroms the reflectance 
is considerably lower than those at other thicknesses within 
a wavelength of 500 nm to 530 nm- In contrast, no 
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significant changes in reflectance are observed and a 
satisfactorily high reflectance is achieved at a thickness 
of 1,250 angstroxns, 1,400 angstroms or 1,550 angstroms. 
[0034] 

As shown in Figure 14, at a thickness of 1,200 
angstroms the reflectance decreases by approximately 3.4% 
from 0,882 to 0,848 as the wavelength changes from 560 nm to 
660 nm- At a thickness of 2,000 angstroms the reflectance 
is considerably lower than those at other thicknesses within 
"^^P a wavelength of 560 nm to 610 nm. In contrast, no 

significant changes in reflectance are observed and a 
satisfactorily high reflectance is achieved at a thickness 
of 1/400 angstroms. 1,600 angstroms or 1,800 angstroms* 
t0035I 

Figures 12 to 14 demonstrate that when a thickness of 
the silicon oxide film as the passivation film is set to 
within the range of 900 to 1,200 angstroms for a pixel 
electrode which reflects blue light, 1.200 to 1,600 
angstroms for a pixel electrode which reflects green light 
or 1,300 to 1,900 angstroms for a pixel electrode which 
reflects red light, the variation of the reflectance for 
each color can be suppressed to 1% or less and a 
satisfactorily high reflectance can be achieved. 

[0036] 

Each of the graphs shown in Figures 12 to 14 shows the 
reflectance when a polyimide alignitient film is formed with a 
thickness of 1,100 angstroms on the passivation film. The 
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optimum thickness range of the silicon oxide film slightly 
shifts with a different thickness of the alignment film. 
Regarding the thickness range of the alignment film, it is 

, preferred that the thickness of the alignment flliti be within 
a range of 800 to 1,400 angstroms in view of suppressing the 
variation of refractive index of the liquid crystal. When 
the thickness of the alignment film is within the above- 
mentioned range and the thickness of the silicon oxide film 
in the liquid crystail panel for each color is within the 
above-mentioned range, the variation of the reflectance can . 

be satisfactorily suppressed to 1% or less. 
[0037] 

The above description was proceeded according to a 
configuration where an RGB color filter is formed on the 
inner face of the opposing substrate of a liquid crystal 
panel in response to pixel electrodes and the color light 
passing through the color filter is reflected from the pixel 
electrode. When a liquid crystal panel for reflecting red 
light, a liquid crystal panel for reflecting blue light and. 
a liquid crystal panel for reflecting blue light are 
provided, in the apparatus, such as a projection display 
device as described later, it is preferred that the 
thickness of the silicon oxide film as the passivation film 
of the liquid crystal peuiel for red light be set a range 
from 1,300 to 1,900 angstroms, the thickness of the silicon 
oxide film as the passivation film of the liquid crystal 
panel for green light be set a range from. 1,200 to 1,600 
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angstroms and the thickness of the silicon oxide f iljti as the 
passivation film of the liquid crystal panel for blue light 
be set a range from 900 to 1,200 angstroms. 
[0038] 

Figure 3 is a planar layout view of the liquid crystal 
substrate at the reflection side shown in Figure 1* As 
shown, in Figure 3, the data line 7 and the gate line 4 are 
formed so as to cross each other in this excibodiznent , a 
channel region of MOSFBT for pixel switching is provided 
under the gate line at the hatched region H, the gate line 4 
functions as the gate electrode 4a, and the source and drain 
regions 5a and 5b are foarrtied on both sides (at the upper and 
lower sides in Figure 3) of the channel region 5c, The 
source electrode 7a connecting to the data line is formed so 
as to protrude from the data line 7, extended along the 
vertical direction in Figure 3, and is connected to the 
source region 5a of the MOSFET through the contact hole. 

[0039] 

The P-type doping region 8 forming one terminal of the 
holding capacitor is formed so ais to link to the P-type 
doping region in the adjacent pixel in the direction 
parallel to the gate line 4. It is connected to a power 
line 70 provided outside the pixel region through contact 
holes 71 to apply a given voltage Vaa, such as 0 volt. As a 

result, the potential of one electrode of the holding 
capacitor can stabilized and undesirable variation in the 
voltage of the pixel electrode can iDe prevented. Since the 
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P-type doping region 8 is provided near the MOSFBT and the 
voltage of the P well is simultaneously fixed, the substrate 
voltage of the MOSPET is stabilized and variation of the 
threshold voltage due to the back gate effect can be 
prevented. 

[0040] 

Although not shown in the drawings/ the power line 70 
is also used as a line which supplies a given voltage Veo as 

a well voltage to the P-type well region in the peripheral 
circuit provided outside the pixel region. The power line 
70 is formed of the first metal layer ^ich is the same as 
the data line 7. Each pixel electrode 14 has a rectangular 
shape and is closely provided to the adjacent pixel 
electrode 14 at a give distance/ for example, 1 Jim, so as to 
decrease the light \Aich leaBcs between the pixel electrodes 
as much as possible. Although the center of the pixel 
electrode is shifted from the center of the contact hole 16 
in the drawings, it is prefereible that the center of the 
pixel electrode and the center of the contact hole 16 
isubstantially agree with each other, because the distance in 
which the light incident from the gap with the adjacent 
pixel reaches the contact hole is almost equalized at the 
edge of each pixel electrode and leakage of the light is 
decreased. 

[0041] 

Although the above-mentioned exnbodiment includes the 
channel -type MOSFET for pixel switching and the P-type 
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doping layer of semiconductor region (8) as one electrode o£ 
the holding capacitor, an N-type well region, a P-chemnel- 
type MOSFET for pixel switching and an N-type doping layer 
of semiconductor region as one electrode of the holding 
capacitance cire also available* In this case, it is 
preferable that a given voltage be applied to the N-type 
doping layer as one electrode of the holding capacitor as in 
the N-type well region. 
[0042] 

A high voltage, e.g. 15 volts, is applied to the gate 
electrode 4a of the MOSFET for pixel switching, whereas the 
peripheral circuit is driven by a low voltage^ e.g. 5 volts* 
It is conceivable that the thickness of the gate insulating 
film in the FBT forming the peripheral circuit be small than 
that, of the gate insulating film of the FET for pixel 
switching in order to inqprove the characteristics of the FET 
and increase the operation rate of the peripheral circuit. 
When such a technology is applied, the thickness of the gate 
insulating film of the FET fontiing the peripheral circuit 
can be reduced to approximately one third to one fifth the 
thickness of the gate insulating film of the FET for pixel 
switching {for example, 80 to 200 angstroms) in view of 
voltage resistance of the gate insulating film. 

[0043] 

In the first embodiment, a voltage applied between the 
electrodes of the holding capacitor is only five volts which 
is the difference between the image signal voltage Vd 
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applied to the data line and the central voltage Vc of the 
image signals (an LC conmon voltage LC-COM applied to a 
counter elisctrode 33 provided on the counter substrate 35 of 
the liquid crystal panel in Figure 6 is shifted by from 
Vc, and. the voltage practically applied to the pixel, 
electrode is also shifted by AV and becomes V<a-AV)., In the 

first eznbodiznent, by simultaneously forming the insulating 
film 9b just below the polysilicon or metal silicide layer 
as one electrode da of the holding capacitor with the gate 
insulating filtn of the PET forming a peripheral circuit, the 
thickness of the Insulating film in the holding capacitor 
can be reduced to one third to one fifth compared to the 
above-mentioned embodiment, hence the capacitance can be 
increased hy three to five times. In this cas<&/ the doping 
region 8 forming one terminal of the holding capacitor roust 
be set to be reverse pplarity to the well (N-type for the P- 
type well) and it must be connected to a voltage of near Vc 
or LC-COM at the periphery of the pixel region so as to hold 
a voltage different from the well voltage (for example, Vss 
for the P-type well). In Figure 7/ Vq represents the 

voltage applied to the gate line 4, the term tHl represent a 
selective period (scanning period) to energize the MOSFET in 
the pixel and the period other than the selective period is 
a nonselective period not to energize the MOSFET in the 
pixel , 

{0044] 

One electrode 9a of the holding capacitor may be made 
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of a polysilicon or metal silicide layer which forms the 
gcLte electrode of the MOSFET forming the peripheral circuit, 
instead of the polysilicon or. metal silicide layer forming 
the gate electrode of the FET for pixel switching. In this 
case, the doping region 8 forming one terminal of the 
holding capacitor must be set to be reverse polairity to the 
well (W-type for the P-type well) and it must be connected 
to a voltage of near Vc or LC-COM at the periphery of the 
pixel region so as to hold a voltage different from the well 
voltage (for example, Vss for the P-type well) - . , 



Figure 1(b) is a cross-sectional view (section II-II in 
Figure 3) of the periphery of the pixel region in the 
embodiment in accordance with the present invention. The 
drawing shows a configuration in which the doping region 8 



(pixel line direction) is connected to a given voltage (Vga) - 

Identification number 80 represents a P-type contact region 



of the MOSFETT in the peripheral circuit/ in which in^purities 
having the same polarity is ion-inplanted after the 
formation of the gate electrode into the doping region 8 
which is formed before the formation of the gate electrode. 
The contact region 80 is connected to the line 70 through 
the contact hole 71 to apply a constant voltage V^g. The 

contact region 80 is also shielded with a light shielding 
film 14' composed of a third metal layex. 



[0045] 



extending in the scanning direction of the pixel region 




which is formed by the same step as the source/drain region 
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[0046] 

Figure 2 is a cross-sectional view of an embodiment of 
a Chios circuit device forming a peripheral circuit, e.g. a 
driving circuit, outside tTie pixel region. In Figure 2, the. 
positions having the same huinbers as Figure 1 represent the 
metal layer, insulating film and semiconductor region which 
are formed by the same step. 

[0047] 

In Figure 2, identification numbers 4a and 4a' 
^c:v= represent gate electrodes of an N-chi?innel MOSPET and a P- 

channel MOSFET forming a peripheral circuit (CMOS circuit) • 
respectively, identification numbers 5a (5b) and 5a' (5b') 
represent an type doping region and a P-type doping 
region, respectively, as their rej^ective source and drain 
regions/ ax^d identification numbers 5c and Be' represent . 
their respective channel regions. The contact region 80 for 
supplying a constant voltage to the P-type doping region 8 
which functions as one electrode of the holding capacitor in 
Figure 1 is fotmed by the same Step as the P-type doping 
region 5a' (Sb') vdiich functions 'as the source (drain) 
region of the P-channel MOSPET. Identification nxambers 27a 
and 27c represent source electrodes formed by the first 
metal layer and connected to the power voltage (any one of 0 
volt, . 5 volts and 15 volts), and identification number 27b 
represents a drain electrode formed by the first metal 
layer. Identification number 32a represents a wiring layer 
composed of the second metal layer and is used as a wire for 
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connecting between the devices foinning a peripheral circuit. 
Identification n\j«»ber 32b also represents a power wiring 
layer composed of the second metal layer and functions as a 
light shielding film. The light shielding film 32b can be 
connected to any one of Vc, LC-COM, power voltage, a 
constant voltage, e.g. 0 volt, and a variable voltage. 
Identification number 14 ' represents a third metal layer 
which is used as a light shielding film in the peripheral 
circuit and prevents unstable voltage in the semiconductor 
region which is caused by carriers formed during light 
transmittance in the semiconductor region of the peripheral 
circuit. Accordingly, the peripheral circuit is also 
shielded from light by the second and third metal layers. 
[0048] 

As described above, the passivation film 17 in the 
peripheral circuit may be a protective film composed of a 
silicon nitride film or a double-layered film of silicon 
oxide and silicon nitride thereon, in which the silicon 
nitride protective film is superior to the silicon oxide 
film as the passivation film in the pixel region. The 
source /drain region of the MOSFET forming the peripheral 
circuit of this embodiment may be formed by a self-aligiment 
process/ although it not limited to this. The source/drain 
region of each MOSFET may have a LDD {lightly doped drain) 
structure or a DDD (double doped drain) structure- It is 
preferred that the FET for pixel switching have an offset 
structure in which the gate electrode is distant from the 
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source/drain region, taking into consideration that the FET 
for pixel switching is driven by a high voltage and the 
leakage current must be prevented, 
[004S] 

Figure 4 shows a preferred embodiment of an edge 
structure of a reflecting electrode (pixel electrode) 
substrate • In Figure 4, the parte baving the same, 
identification nxaidbers represent the layers, and 
semiconductor regions formed 1^ thfd.same steps. 

(0050] 

As shown in Figure 4, the edge and the side wall of the 
laminate composed of the insulating interlayer and the meital 
layer have a monolithic protective structure in which a 
silicon nitride film 18 is formed on the silicon oxide 
passivation film 17 which covers the pixel region and the 
peripheral circuit. Water and the like therefore will 
barely penetrate from the edge, durability is improved and 
the yield is in^roved due to reinforcement of the edge. In 
this embodiment, a sealing material 36 for encapsulating the 
liquid crystal is provided on tlie monolithic protective 
structure which is perfectly planarized. The distance to 
the opposing substrate therefore can be ma.intained constant 
regardless of vaxiation of the thickness whether the 
insulating interlayer and the metal layer are present or 
not- Since the above configuration permits a single-layered 
silicon oxide protective film on the reflecting electrode 
forming a pixel electrode^ it can . suppr.ess a decrease in 
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reflectance and .dependence of the reflectanc on the 
wavelength. 
[0051] 

As shown in Figure 4, in this embodiment, the third 
metal layer 14' functions as the light shielding film of the 
peripheral circuit region, is connected to the wiring layer 
19 fortaed on the surface of the semiconductor substrate 1 
with the second and first metal layers 12' and 7' 
therebetween and is connected to a pad not shown in the 
drawing with the wiring layer 19 therebetween to apply a 
given voltage or signal. When the resistance value of the 
wiring layer 19 is not negligible, the first metal layer 12' 
or the second metal layer 7' may be directly connected to 
the pad. 

[0052] 

Figure 5 shows another embodiment in accordance with 
the present invention. In Figure 5, the portions having the 
same identification numbers as Figures JL and 2 represent the 
layers and the semiconductor regions formed tlxe same 
process^ In this embodiment, a silicon nitride film l3b is 
formed under the insulating inter layer 13 a coxt«)osed of the 
TEOS film (partly including a remaining SOG filift during 
etching) between the reflecting electrode 14 and the light 
shielding layer 12 thereunder. Alternatively, a silicon 
nitride filin 13b may be formed on the TEOS film 13a, The 
use *of a configuration having an additional silicon nitride 
film inhibits penetration of water and thus Improves wet 
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resistance. 
[0053] 

Figure 6 is a planar layout of an entire liquid crystal 
panel substrate (reflection electrode substrate) in which 
the above-mentioned embodiment is applied . 

[0054] 

As shovoi in Figure 6, in this embodiment a light 
shielding film 25 is provided in order to shield the light 
incident on the peripheral circuits provided on the 
. periphery of the substrate* The peripheral circuits are 
provided on the periphery of the pixel region 20 in which a 
matrix of the pixel electrodes is disposed, and include a 
data line driving circuit 21 for supplying image signals to 
the data line 7 in response to the image data, a gate line 
driving circuit 22 for sequentially scanning gate lines 4, 
an input circuit 23 for reading the image data from the 
outside through the pad region 26, and a tixfting control 
circuit 24 for controlling these circuits. These circuits 
.J.. are formed by combining active devices or switching devices 

composed of MOSFETs formed by this same step as or a 
different step to the MOSFET for switching the pixel 
electrodes and loading devices, such as resistors and 
capacitors • 

[0OS51 

In this embodiment, the light shielding film 25 is 
composed of the third metal layer which is formed by the 
same step as the pixel electrode 14 shown in Figure 1 so as 
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to apply a given voltage, e.g. a power voltage, the central 
voltage Vc of the ixnage signals or an LC common voltage. 

Application of the given voltage to the light shielding film 
25 can reduce reflection compared to a floating voltage and 
other voltages. Reference* numeral 26 represents a pad used 
for supplying the power voltage or a pad region provided 
with a terminal. 
[0056] 

Figure 7 is a cross-sectional view of a reflective 
Ixquid crystal panel using the above-mentioned liquid 
crystal panel substrate 31 • As shown in Figure 7, a 
supporting substrate 32 composed of glass or cerjamic is 
bonded to the back surface of the liquid crystal panel 
substrate 31 with a bonding agent. A glass srobstrate 35 at 
the incident side having a coxinter electrode (common 
electrode) con^osed of a transparent electrode (ITO) for 
applying an LC common voltage is opposed to the front 
surface of the licjuid crystal panel substrate 31 at an 
adequate distance, and a well known (twisted nematic) 
liquid crystal or an SH (super homeotropic) liquid crystal 
37 in which the lictuid crystal molecules are substantially 
vertically aligned in a non-voltage applied state is 
encapsulated into a gap formed by sealing the periphery of 
the substrates with a sealing material 3 6 to form a liquid 
crystal panel 30. The position of the sealing xnaterial is 
determined so that the pad region 26 Is located outside the 
sealing material 36. 
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(0057] 

The light shielding film 25 on the peripheral circuits 
faces the co\inter electrode 33 with the liquid crystal. 37 
therebetvreen. Since the LC common voltage is applied to the 
counter electrode 33 when the LC common voltage is applied 
to the light shielding film 25, no direct current voltages 
are applied to the liqruid crystal disposed therebetween. As 
a result, liquid crystal molecules are always twisted by 
approximately 90 degrees in the TN liquid crystal or always 
vertically aligned in the SH liquid crystal. 

[0058] 

In this embodiment^ since the liquid, crystal panel 
substrate 31 composed of the semiconductor siibstrate is 
bonded to the supporting substrate 32 composed, of glass or 
ceramic at the back surface with a bonding agent, the . 
strength is signif iceuitly enhanced. As a result, when these 
are bonded to the opposing substrate after the supporting 
substrate 32 is iDonded to the liquid crystal panel substrate 
31^ the gap of the liquid crystal layer is equalized over 
the entire panel • ' ... 

[0059]. 

Figure 9 shows an exair^le of electronic devices using 
the liquid crystal panels in accordsuice with the present: 
invention, and is a planar schematic diagram of the main . 
section of a projector (projection display device) using a 
reflective liquid crystal panel in accordance with the 
present invention as a light valve. Figrure 9 is a cross- 
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sectional view of an XZ plane which passes through the 
center of an optical element 130. This projector includes a 
light source 110 provided along the system light axis h, an 
. integrator lens 120, a polarizing illuminator 100 including 
a polarized light conversion device 130, a polarized beam 
splitter 200 which reflects an S-polarized light beam 
emerging from the polarizing illuminator 100 by an S- 
polarized light beam reflecting face 201, a dichroic mirror 
412 which separates the blue (B) light component from the 
light reflected on the S-polarized light beam reflecting 
face 201 of the polarized beam splitter 200, a reflection 
liquid crystal light valve 30 OB modulating the separated 
blue (B) light coxnponent, a dichroic mirror 413 which 
separates a red (R) light component from the. light beam not 
containing the blue light component, a reflection liquid 
crystal light valve 300R modulating the separated red (R) 
light con^onent, a reflection liquid crystal light valve 
300O modulating the residual green (G) light component 
passing through the dichroic mirror 413, amd a projection 
optical system SOO which includes a projection lens 
projecting a synthesized light on a screen 600 in which the . 
modulated light beams from the three reflection liquid 
crystal light valves 300R, 300G, and 300B are combined 
through the dichroic mirrors 412 and 413 and the polarized 
beam splitter 200. The above-mentioned liquid crystal 
panels are used, as these three reflection liquid crystal 
valves 300R, 300G and 300B, respectively. 
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[0060] 

The random polarized light beams emerging from the 
light source 110 are divided into a plurality of 
intermediate light beams by the integrator lens 120, 
converted to single-polarization light beams (S-polarized 
light beam) substantially having a polarized light direction 
by the polarizing device 130 which has a second integrated 
lens at the light incident side« and are incident on the 
polarized beam splitter 200. The S-polarized light beams 
' , emerging from the polarizing device 130 are reflected from 

the S-polarized light beam reflecting face 201 of the 
polarized beam splitter 200, the blue (B) light beam among 
the reflected light beams is reflected on the blue light 
reflecting layer of the dichroic mirror 412 and moctulated by 
the reflection liquid crystal light valve 300B, The red (R) 
light beam among the light beams passing through the blue 
light reflecting layer of the dichroic mirror 411 is 
reflected on the red light reflecting layer of the dichroic 
mirror 413 and modulated by the reflection liquid crystal 
light valve 30 OR. 
[0061J 

Further, the green (G) light beam passing through the 
red light reflecting layer of the dichroic mirror 413 is 
modulated by the reflection liquid crystal light valve 300G, 
■■: In such a manner, modulated by the reflection liquid crystal 
light valves 300R, 300G and 300B (in^ossible to translate 
due to inconqplete sentence) , and the reflective liquid 
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crystal panel including the reflection liquid crystal light 
valves 300R, 300G and 300B uses a TN liquid crystal 
(longitudinal axes of liquid crystal molecules are 
substantially aligned in the direction parallel to the panel 
substrate when no voltage is applied) or an SB liquid 
crystal (longitudinal axes of liquid crystal molecules are 
substantially aligned in the direction perpendicular to the 
panel substrate when no voltage is applied) . , 
[00621 

>p When a TN liquid crystal is used, in a pixel (OFF 

pixel) in which a voltage applied to the liquid crystal 
layer intervened between the reflecting electrode of the 
pixel and the common electrode of the opposing substrate is 
lower than a threshold voltage, the incident color light is 
elliptically polarized in the liquid crystal layer, is 
reflected from the reflecting electrode and emerges from the 
liquid crystal layer in which the polariacation axis o£ the 
emerging light is shifted by approximately 90 degrees from 

^^^.^ the incident light and elliptically polarized. On the other 

hand, in a pixel (ON pixel) in which a voltage is applied to 
the liquid crystal layer, the incident color light reaches 
the reflection electrode without polarization, is reflected 
and emerged, in which, the emerging* light has the same . 
polarization axis as the incident light. Since the 
alignment angle of the liquid crystal molecule of the 
liquid crystal varies in response to the voltage applied to 
the reflecting electrode, the angle of the polarization axis 
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of the reflected light in relation to the incident light 
varies in response to the voltage applied to the reflecting 
electrode through the transistor in the pixel. 
[0063] 

When an SH liquid crystal is used, in a pixel (OFF 
pixel) in which the voltage applied to the liquid crystal 
layer is lower than a threshold voltage^ the incident color 
light reaches the T-ef lection electrode without polarization, 
is reflected and emerges, in which the emerging light has 
fl^ the same polarization axis as the incident light. On. the . 

other hand, in a pixel (ON pixel) in which a voltage applied 
to the liquid crystal layer, the incident color light is 
elliptically polarized in the liquid crystal layer, 
reflected on the reflecting electrode and emerges ' from the 
liquid crystal layer in which the polarization axis of the 
emerging light is shifted by approxinjately SO degrees from 
the incident light and the emerged light is elliptically 
polarized. Since the alignment angle of the liquid crystal 
molecule of the TN liquid crystal varies in response to the 
voltage applied to the reflecting electrode as in the TN 
liquid crystal, the angle of the polarization axis of the 
reflected light in relation to the incident light varies in 
response to the voltage applied to the reflecting electrode 
through the transistor in the pixel. 
[0064] 

Among the color light beams reflected from pixels in 
these liquid crystal panels, the S-polarized light component 
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does not pass through the polarized beam splitter 200 which 
reflects the S-polarized light and transmits P^polarized 
light. The light beams passing through the polarized beam 
splitter 200 form an image. The projected image is a 
normal ly-white display when a TN liquid crystal is used in 
the liquid crystal panel because the reflected light beams 
in OFF pixels reach the projection optical system 500 and 
the reflected light beams in ON pixels do not reach the 
lens, and a normally-black display when an SH liquid crystal 
is used because the reflected light beams in OFF pixels do 
not reach the projection optical system and the reflected 
light beams in ON pixels reach the projection optical system 
500. 

[0065] 

In reflective liquid crystal panels, the pixels, are 
formed by a semiconductor production technology the nuntoer 
of pixels can be increased coii«>ared to active matrix liquid 
crystal panels in which a TFT array is formed on a glass 
substrate, and the size of the panel can be reduced- High 
density images can therefore be projected and projectors can 
be miniaturized* 

{0066] 

As shown in Figure 1, the peripheral circuit section of 
the liquid crystal panel is covered with the light shielding 
film, and the same voltage (for example, the LC common 
voltage; if the LC common voltage is not used, the 
peripheral counter electrode is separated from the counter 
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electrode in the pixel since the coinmon voltage differs from 
the voltage of the coiinter electrode in the pixel) is. 
applied to the peripheral circuit section and the counter 
electrode formed at the position in which the opposing 
sxibstrate is opposed. Almost zero volt is therefore applied 
to the liquid crystal intervened between them and the liquid 
crystal is the same as an OFF state. As a result, in the TN 
liquid crystal panel the periphery of the image region 
exhibits an entire white display in response to the 
, normally-white display/ whereas in the SH liquid crystal 
panel the periphery of the image region exhibits an entire 
black display in response to the normally-black display. 
[0067] 

Further satisfactory results are obtained when the 
silicon oxide forming the passivation film of the light 
valve 300R as the first reflective liquid crystal panel 
modulating red light separated by the polarized beam 
splitter 200 as a color separation means which separate the 
light from the light source 110 into three primaries has a 
thickness in a range o£ 1,300 to* 1,900 angstrOTis, the 
silicon oxide forming the passivation film of the light 
valve 300G as the second reflective liquid crystal panel 
modulating green light has a thickness in a range of 1,200 
to 1,600 angstroms, and the silicon oxide forming the 
passivation film of the light valve 3Q0B as the third 
reflective liquid crystal panel modulating blue light has a 
thickness in a range of 900 to 1,200 angstroms. 
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[0068] 

In accordance with the above-mentioned exobodiment, a 
voltage applied to each of pixels in the rjsflective liquid 
crystal panels 300R^ 3006 and 300B is sufficiently retained 
and the pixel electrode has a significantly high 
reflectance, resulting in clezir projected Images. 
• [0069] 

Figure 15 includes views illustrating appearances of 
electronic devices using the reflective liquid crystal 

'o'-' panels in accordance with the present invention. In each 

electronic device , the reflective liquid crystal panel is 
used as a direct viewing- type reflective liquid crystal 
panel, not as a light valve which is used together with a 
polarized beam splitter. l?he reflecting electrode must 
therefore not iDe a perfect mirror surface and preferably has 
adequate unevenness in order to expand the viewing angle. 
Other configurations are basically the same as the light . 
valve . 

j??^, [0070] 

Figure 15(a) is an isometric view of . a portable 
telephone. Identification nuntber 1000 represents a portable 
telephone main body, and identification numJ^er 1001 
represents a liquid crystal display using a reflective 
liquid crystal panel in accordance with the present 
invention. 

Figure 15(b) shows a watch-type electronic device. 
Identification nuxnber 1100 is an isometric view of a watch 
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main body. Identification nximber 1101 represents a liquid 
crystal di.splay using a reflective liquid crystal panel in 
accordance with the present invention. Since the liquid 
crystal panel has high definition pixels compared to 
conventional watch displays and is capable of displaying 
television images, a watch- type television can be achieved. 
[0071] 

Figure 15(c) shows a portable information processing 
xmit, e.g. a word processor or a personal computer. 
Identification^ niamber 1200 represents an information 
processing unit, identification number 1202 represents an 
input section such as a keyboard, identification number 1206 
represents a display using a reflective liquid crystal panel 
in accordance with the present invention, and .identification 
number 1204 represents an information processing unit main 
body. Since these electronic devices are driven by 
batteries, the use of the reflective liquid crystal panel 
having no light source lait^ can lengthen the battery life. 
Since the peripheral circuits can be stored in the pan^l 
substrate, significant areduction* of parts, and weight and 
size reduction can be achieved. 

[0072] 

In the above-mentioned exdDodiments , although a TN type 
and a homeotropic alignment SH type are exemplified &s a 
liquid crystal of the liquid crystal panel, other types of 
liquid crystals are also available. 

[0073] 
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[Advantages] 

As described above, a reflective li<iuid csfystal panel 
substrate in accordance with the present invention is 
provided with a passivation film, and thus has improved 
reliability. The use of a silicon oxide film having a 
thickness of 500 to 2,000 angstroxns as the passivation 
reduces dependence of reflectance of the pixel electrode on 
variation of the thickness. In particular, the silicon 
oxide film having a thickness of 500 to 2,000 angstroms 
exhibits slight dependence of the reflectance on the 
wavelength and thus can reduce variation of the reflectance. 

[0074] 

The thickness of the silicon oxide film as the 
passivation film is set to an adequate range in response to 
the wavelength of the incident light, e.g. 900 to 1,200 
angstroms for a pixel electrode reflecting blue light, 1/200 
to 1,600 angstroms for a pixel electrode reflecting green 
light, and 1,3 00 to 1,900 angstroms for a pixel electrode 
reflecting red light. Variation of the reflectance in each 
color can therefore be suppressed to 1% or less. As a 
result, reliability of the liquid crystal panel can be 
ixtprcved, and the image quality of a projection display 
device using the reflective liquid crystal panel as a light 
valve can be improved. 

t0075] 

Since the thickness of the silicon oxide film as the 
passivation film is determined in resp9nse to the thickness 
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of the alignment film, formed thereon and the thickness of 
the alignment film, is set to a range of 300 to 1,400 
angstroms, variation of the refractive index of the. liquid 
crystal can be effectively prevented. 
[0076] 

In a reflective liquid crystal petnel in which a pixel 
region comprising a matrix of pixel electrodes and 
peripheral circuits, such as a shift resistor and a control 
circuit, provided outside the pixel region are formed on the 
same substrate^ a passivation film composed of a silicon 
oxide film is f o.rmed above the pixel region and a 
passivation film composed of a silicon nitride film is 
formed above the peripheral circuits. The use of the 
silicon nitride film above the peripheral circuits? fxirther 
insures protection of the peripheral circuits axxd improves 
reliability. 

[0077] 

A silicon nitride film is provided as an insulating 
inter layer between the reflecting electrode and a nietal 
layer thereunder instead of the passivation film above the 
reflection electrode or together with the passivation film 
composed of the silicon oxide film. The moisture resistance 
is therefore ixtproved/ a MOSFET for pixel switching and a 
holding capacitor can be prevented from corrosion due to 
water or the like. 

[0078] • 

A monolithic protective structtare in which a silicon 
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nitride film is formed on a passivation film con^osed of a 
silicon oxide film is provided oyer the edge and side wall 
of a laminate of an insulating inter layer formed at tlie 
periphery of the pixel region and a metal layer shielding 
the periphery- The waterproof property at the edge of the 
liquid crystal panel in which water readily penetrates is 
therefore incprovfed and durability is also improved due to 
its reinforcement effect* 
[Brief Description of the Drawings] 
[Figure 1] 

A cross-sectional view of a first embodiment of a pixel 
region of a reflecting electrode side sxabstrate of a 
reflective liquid crystal panel in accordance with the 
present invention. 

[Figxxre 2] 

A cross-sectional view of an embodiment of a structure 
of a peripheral circuit of a reflecting electrode side 
siibstrate of a reflective liquid cirystal panel in accordance 
with the present invention- 

[Figure 3] 

A planer layout of a first embodiment of a pixel region 
of a reflectinjy electrode side substrate of a reflective 
liquid crystal panel in accordance with the present 
invention. 

[Figure 4] 

A cross-sectional view of an embodiment of an edge 
structure of a reflecting electrode side substrate of a 
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reflective liquid crystal panel in accordance with the 
present invention. 
[Figure 5] 

A cross-sectional view of another embodiment of a 
reflecting, electrode side substrate of a reflective liquid 
crystal panel in accordance with, the present invention, 

[Figure 6] 

A plan view of an example of a layout of a reflecting 
electrode side substrate of a reflective liquid crystal 
panel in an embodiment. 
[Figure 7J 

A cross-sectional view of an embodiment of a reflective 
liquid crystal panel using a liquid ciystal pan^el substrate 
of an embodiment. 

[Figure 8] 

A graph including a gate driving waveform and a data 
line driving waveform of an PBT for pixel electrode 
switching of a reflective liquid crystal panel in accordance 
with the present invention, 

(Figure 9] 

A block diagram of a video projector as an example of 
projection display devices in which a reflective liquid 
crystal panel of an embodiment is used as a light valve • 

[Figure 10] 

A graph illustrating that the reflectance of a 
reflecting electrode composed of an aluminum layer varies 
with the- thickness of the silicon oxid^ film at a given 
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length of the incident light. 
[Figure 11] 

A graph illustrating that the reflectance of a 
reflecting electrode composed of an aluminxun layer varies 
with the thickness of the silicon oxide film at a given 
length of the incident light. 

[Figure 12] 

A graph in which the reflectance is plotted at a given 
wavelength interval when the thickness of the silicon oxide 
film is changed within a wavelength irange covering blue 
light. 

[Figure 13] 

A graph in which the reflectance is plotted at a given 

wavelength interval when the thiclcnesd of the. silicon oxide 
film is changed within a wavelength range covering green 
light. 

[Figure 14] 

A graph in which the reflectance is plotted at a given 
wavelength interval when the thickness of the silicon oxide 
film is changed within a wavelength range covering red 
light. 

[Figure 151 

(a) , (b) and (c) are appearances of electronic devices 
using reflective liquid crystal panels in accordance with 
the present invention, respectively. 

[Reference Numerals] 
1 semiconductor substrate 
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2 well region 

3 field oxide filta 

4 gate lino 



4a 


gate electrode 




5a, 


5b source/drain regions 




6 


first insulating inter layer 




7 


data line (first metal layer) 




8 . 


P-type doping region 




9a 


electrode of a holding capacitor (conductive layer) 


9b 


insulating film as a conductor of a 


holding capacitor 


10 


auxiliary bonding wire 




11 


second insulating interlayer 




12 • 


light shielding layer (second metal 


layer) 


13 


third insulating interlayer 




14 


pixel electrode (third metal layer) 




15 


connecting plug 




16 


contact hole 




17 


passivation film 




20 


pixel region 




21 


data line driving circuit ' 




22 


gate line driving circuit 




23 


input circuit 




24 


tixning control circuit 




25 


light shielding layer (third metal ! 


layer) 


26 


pad region 




31 


liquid crystal panel substrate 




32 


supporting substrate 
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33 counter electrode 

35 glass substrate at the incident side 

36 sealing material 

37 li<juid crystal 

70 power source line 

71 contact hole 

80 P-type contact region 

110 light sotirce 

200 polarized beam splitter 

•4.V 300 light, valve (reflection liquid crystal) 

412, 413 dichroic mirror 

500 projection optical system 

600 screen 
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[Name of Docximent] Abstract 
[Abstract] 

[Problem] A silicon nitride film which is formed by a 
reduced pressure CVD process and generally used as a . 
passivation film in semiconductor devices has a thicJcness 
variation of approximately 10%. In a reflective liquid 
crystal panel using the same, reflectance significantly 
varies or refractive index of the liquid crystal varies due 
to the variation o£ the thickness of the passivation film. 



[Solving Means] In a liquid crystal • substrate drx which a 



substrate (1) , a transistor is formed in response to each 
reflection electrode. and a voltage is applied to the 
reflecting electrode through the transistor, a silicon oxide 
film having a thickness of 500 to 2,000 angstroms is used as 
the passivation film and the thickness is set to an adequate 
value in response to the v^avelength of the incident light. 
[Selected Drawing] Figure 1 




matrix of reflecting electrodes (14) is formed on a 



